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Preparation of New Solution Standards of Radium 

W. B. Mann, L. L. Stockmann, W. J. Youden, A. Schwebel, 
P. A. Mullen, and S. B. Garfinkel 

New radium-solution standards have been prepared in the ranges of 10 micrograms and 
also 10~ 9 and 10 _u gram of radium element. These have been compared with the National 
Bureau of Standard's 1940 and 1947 series of radium-solution standards and, as a result of 
these comparisons, it has been found that the 1940 10~ 9 and 10 _11 -gram solution standards 
contained some 2 to 3 percent more radium element than certified. It has been shown 
that this difference probably arose in the dilution of the 1940 standards. 



1. Introduction 

Radium-solution standards have previously been 
prepared at, the National Bureau of Standards in 1940 
and 1947. The 1940 series consisted of standards in 
the microgram range, ranging from 0.1 to 100.0 jug of 
radium element in 5 ml of solution, and standards for 
radon calibration consisting of 10" 9 and 10~ u g of 
radium element in 100 ml of the radium-salt and car- 
rier solution. The 1947 series consisted only of micro- 
gram standards ranging from 0.1 to 100.0 /xg of ra- 
dium element in 5 ml of solution of the radium 
bromide and nitric acid acting as carrier. 

Recently the stock of 10~ 9 -g radium-solution stand- 
ards became so depleted that it was necessary to 
prepare a new set of standards which has been des- 
ignated as the 1957 series of standards and which 
consists chiefly of 10~ 9 and 10~ n -g standards with a 
few microgram standards which weie prepared for 
comparison purposes. A new set of "blank solutions" 
was also prepared consisting of 100-ml samples con- 
taining 0.2 percent by weight of BaCl 2 -2H 2 0. 

2. Radium Calibration 

A sample of radium chloride containing approxi- 
mately 10 mg of radium element was returned to 
the Radium Chemical Company for a reseparation 
from radium D and its products and for recrystalli- 
zation. It was requested that the radium salt should 
be crystallized in such a manner that the grain size 
would be of the same approximate dimensions as 
those in the Honigschmid radium standards (which 
were also radium chloride) and that the radium salt 
should be enclosed in a glass tube of about the same 
dimensions (length, diameter, and wall thickness) as 
the tubes used by Honigschmid. It would then be 
possible to compare this radium source with the two 
United States primary radium standards [1,2], 1 using 
the NBS gold-leaf electroscope [3], without making 
any absorption corrections. In such a comparison 
the sources are supported horizontally and then 
gently tapped so as to spread the grains of salt uni- 
formly along the glass tubes. 

While the radium source was compared in this 
manner with the two primary standards, this com- 
parison was only treated as confirmation for a series 
of microcalorimetric comparisons which were carried 



1 Figures in brackets indicate the literature references at the end of this paper. 



out using the NBS radiation balance [4, 5]. These 
measurements consisted of three measurements of 
the rate of energy emission from the new radium 
source alone and also one triad of measurements 
[1, 2] of the new source relative to both primary 
standards (No. XIV and XV). The results of these 
measurements are shown in table 1. 

Table 1. Radiation-balance results for comparison of new 
radium source with the United States primary radium standards 



1 ); ilc of measurement 


Rate of energy emission in micro- 
watts from— 


Milligrams 
of radium 
element in 
new source 


No. XIV 


No. XV 


New source 


October 23, 1956 

November 1, 1956 

Novembers, 1956 

November 28, 1956 


5728."5 


3060.3 


914.8 
914.8 
914.6 
914.1 


6.108 
6. 108 
6.107 
6.104 



In calculating the values shown in table 1 a cor- 
rection was made for the growth of polonium-210 
in the national standards since June 1934. The 
mean value of the rate of energy emission from the 
new source is 914.6 juw which corresponds to 6.10 7 
mg of radium element as of November 19.56. The 
gamma-ray comparison, carried out with the gold- 
leaf electroscope, gave an average value from twelve 
measurements equal to 6.08 mg of radium element. 

3. Preparation of the New Radium-Solution 
Standards 

The 6.10 7 -mg radium source was now completely 
shattered at the bottom of a 5-liter thick-bottomed 
glass bottle under 3.052 liters of carrier solution, 
determined by weighing and consisting of 0.2-per- 
cent BaCl-2H 2 plus 5-percent HC1, by imparting a 
sharp blow to the glass tube by means of a specially 
constructed glass rod with a thickened and elongated 
end which was struck at its other end with a hammer. 
By this procedure the master solution of radium and 
carrier, with a concentration of radium element of 
2.001 X 10~ 6 g/ml, was prepared. 

The dilutions that were made from this master 
solution are shown diagrammatically in figure 1. 
These dilutions were carried by two independent 
routes, designated as A and B, in order to check the 
accuracy of dilution. The master solution as well 
as all subsequent dilutions thereof were thoroughly 
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mixed by agitation before aliquots were removed. 
All glassware used was carefully calibrated. 

First of all two 10-ml aliquots were each diluted 
to 100 ml in a 100-ml volumetric flask using carrier 
solution. Following this, eight 5-ml aliquots were 
pipetted into glass ampoules and flame-sealed. 
These eight ampoules each containing 10.16 3 jug of 
radium-226 per 5.079 ml of solution were set aside 
for comparison with the microgram range of both 
the 1940 and 1947 standards by means of the NBS 
47ry-ionization chamber. 

At this point the remainder of the master solution 
was siphoned off into two 2,500-ml volumetric 
flasks and flame sealed for future possible use. The 
remaining small volume containing the fragments of 
the glass tube was checked and found to contain no 
more radium per milliliter than one of the 10-jug 
samples. 

The further dilutions along routes A and B were 
carried out as shown in figure 1 and gave, by each 
route, fifty 10" 9 -g and fifty 10~ n -g radium 100-ml 
solution standards. Of these the first, twenty-fifth, 
and fiftieth 10~ 9 -g and 10 -11 -g ampoules in both 
route A and route B were reserved for later com- 



parison with the 1940 series of 10 _9 -g and 10 _11 -g 
radium-solution standards. The nominal values of 
the dilutions shown by each route were : 2 X 10~ 7 g/ml, 
2X10" 9 g/ml, lX10- n g/ml, and lX10- 13 g/ml. 

Four of the eight 1957 10-/xg radium standards 
were now compared in the NBS 47ry-ionization chain • 
ber [6, 7] with four 10-/xg radium-solution standards 
of the 1947 series and were found to agree with the 
1947 values to within the ±1 percent estimated ac- 
curacy of the 1947 standards. Subsequently three 
of the 1940 series of 10-jitg radium -solution standards, 
the stock of which had been believed to be exhausted, 
were found and compared with three of the 10-jug 
standards of the 1947 series and three of the 1957 
series. 

Due to the quite large calibration correction of 
the 5-ml pipet (the volume was equal to 5.079 ml) 
the nominal 1957 10-jug radium-solution standards 
have an actual radium content of 10.16 3 /xg. The 
comparisons of the 1957 standards with the 1947 
standards were carried out in April and August 
1957, while that of the 1957 with the 1940 10-jug 
standards was carried out in August 1957. 

The certified values of both the 1940 and 1947 



MASTER SOLUTION: 
6.l07mg Ro-226 IN 3052 ml 
OF CARRIER SOLUTION 
(0.2% BO CI 2H 2 + 5%HCI) 
= 2.001 XIO" 6 GRAM Ra per ml 





EIGHT 100-ml SAMPLES 
= 4 XIO" 9 GRAM Ra FOR 
LABORATORY STANDARDS 



20ml 



FIFTY 100-ml SAMPLES- 
= 10"" GRAM Ra EACH 




EIGHT 5-ml ALIQUOTS IN 
STANDARD AMPOULES FOR 
Atry COMPARISONS 
=10. 16* XIO" 6 GRAM Ra EACH 




FIFTY 100-ml SAMPLES 
= I0" 9 GRAM Ra EACH. NOS- 
IA.25A AND50A RESERVED 
FOR COMPARISON WITH 
1940 STANDARDS 




10ml p 



2000 
V ml 





FIFTY 100-ml SAMPLES 
=I0" 9 GRAM Ra EACH. N OS. 
IB.25B AND 50B RESERVED 
FOR COMPARISON WITH 
1940 STANDARDS 



FIFTY 100-ml SAMPLES 
--|0""GRAM Ra EACH 



Figure 1. Dilution scheme for the preparation of 1957 10~ 9 -g and 10~ v -g radium standards 
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"10-jug" radium-solution standards are 10 pg as of 
August 1940 and May 1947, respectively. 

hi terms of the 1940 10-/xg radium standards the 
1957 "10-/xg" standards were found to contain 10.150 
±0.0014 /xg of radium in August 1957. This value 
is in terms of different 1940 ampoules and the agree- 
ment is well within the almost ± 1 percent uncer- 
tainty of the values of the 1940 standards. 

In terms of the 1947 10-/xg radium standards the 
1957 "10-^g" standards were found, in the August 
1957 measurements in the NBS 4 ^-ionization cham- 
ber, to have a radium content of 10.230 ng in con- 
trast to the calibrated value of 10.16 3 /xg. This 
value is again within the almost ± 1 percent un- 
certainty of the 1947 standards. 

Finally a number of the 20-Mg and 50-/xg standards 
of the 1947 series were compared with those of the 
1940 series. The complete series of 4 7T7-ionization- 
chamber measurements is summarized in figure 2 
where, on the left-hand side the results of the com- 
parisons of the 1940 to 1947 standards are shown. 
In this case both the 1940 and 1947 standards are 
certified as 10, 20, and 50 /xg. The small errors in- 
dicated are those to be associated with the 47ty- 
ionization-chamber measurements while the larger 
errors are those inherent in both the 1940 and 1947 
standards. Within these latter limits there is no 
deviation from unity. 

On the right-hand side the ratio of the four 1957 
to seven 1947 10-jiig standards is shown, after cor- 
recting for the volume of the 5.079-ml pipet (used in 
the 1957 series) to the equivalent of the 5 ml (i. e., 
correcting to 10.000 /xg instead of 10.16 3 /xg for the 
1957 series). After this correction lias been made 
the ratio of the 1947 series (certified simply as 10 /*g) 
to the 1957 series should be unity. Once again the 
deviation from unity (1.0054 ±0.0004, the error of 
the 47ry-ionization-chamber measurement) is well 
within the 0.8 percent "uncertainty" certified in the 
case of the 1947 series of radium-solution standards 
above, without even considering the errors inherent 
in the 1957 series which are estimated to total about 
±0.1 percent or 0.2 percent. The actual precision in 
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Figure 2. Comparisons of the activities of the 1940, 1947, and 
1957 radium gamma-ray standards. 



four microcalometric comparisons of the 6-mg ra- 
dium preparation with the national radium standards 
was such as to give a standard deviation of the 
average of 0.02 percent. 

4. Comparison of the 1940 and 1957 10" 9 -g 
Radium-Solution Standards by the Method 
of Radon Analysis 

The method of radon analysis in use at the Na- 
tional Bureau of Standards is essentially the method 
described by Curtiss and Davis [8, 9], but with the 
reflux condensers for de-emanation of the radium 
solution standards replaced by wash bottles with 
sintered-glass filters as described by Harding, 
Schwebel, and Stockmann [10]. The radon is re- 
moved from these solutions by means of a fine stream 
of nitrogen bubbles passing through the solutions 
from the sintered-glass niters. In order to confirm 
the results obtained with this method of de-emanation 
the reflux condensers were, however, reinstalled for a 
final set of comparisons. 

Because of the somewhat lower precision of the 
radon method of analysis, as compared with the 
gamma-ray measurements already described, a most 
exhaustive series of intercomparisons between the 
1940 and 1957 series of standards was carried out by 
the radon method. 

As indicated in figure 1 ampoules 1A, 25A, 50 A, IB, 
25B, and 50B were selected from the 1957 dilutions 
for comparative measurements. 

Four 100-ml ampoules, designated as A, B, C, and 
D, were available from the 1940 10" 9 -g radium- 
solution standards and were used to compare with 
the six 1957 ampoules. 

The 1940 10~ 9 -g standards were certified just as 
10~ 9 g of radium element. The cert i fie< I value for the 
1957 standards is 0.999 X10- 9 g of radium. The ratio of 
activities of the 1940 and 1957 standards was now de- 
termined by using each in turn to calibrate eight NBS 
alpha-particle-pulse-ionization chambers [8, 9] that 
are routinely used for radon assays. The results 
were expressed in terms of the ratio of the activity of 
the 1957 radium-solution standards, as determined 
by the calibration (in terms of counts per unit of 
radon) of any given chamber to that of the 1940 
radium-solution standards corrected for radium de- 
cay, using the same chamber, and are shown in table 
2(a). 

Table 2 (a). Comparison of 1957 and 1940 10~ 9 -g standards 

(The entries are the result of dividing the activities of the 1957 standard by those 
of the 1940 standards) 



1940 
Standards 


1957 Standards 


1A 


25A 


50A 


IB 


25B 


50B 


A . .. 


0.970 

.987 
.982 
.983 


0.964 
.958 
.969 
.977 


0.971 
.980 
.983 
.965 


0.970 
.974 
.980 
.980 


0.975 
.987 
.962 
.976 


0.974 
.964 
.964 
.980 


B 


C 

D 


Average ratio 1957/1940=0.9740 

Standard deviation of the average of 24 ratios =0.0018 
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The average ratio of 0.9740 derived from the results 
of table 2 (a) for the 1957 and 1940 standards indi- 
cates that the certified radium content of the 1940 
standards was low by 2.6 percent. 

Subsequently eight reflux condensers were re- 
installed for de-emanation of the standard solutions 
by boiling. The radon was fed from two of these 
reflux condensers into two of the eight alpha-particle- 
ionization chambers that had been used to obtain 
the results in table 2 (a). The values for the ratio 
obtained for the 1957/1940 activities (again obtained 
from the chamber calibrations) using the reflux con- 
densers, and again corrected for decay, are shown in 
table 2 (b). These last results were not, however, 
used in calculating the average ratio of 0.9740 as 
they were not systematically determined for every 
combination of the 1957 standards (1A, 25A, 50A, IB, 
25B, and 50B) on the one hand and the 1940 stand- 
ards (A, B, C, and D) on the other. The reflux- 
condenser measurements were merely confirmatory. 



Table 2 (b). Comparison of 1957 and 1940 10~ 9 -g standards 
using reflux condensers for de-emanation 



Ratio of activities of 1957 to 1940 standards 


1940 
Standards 


1957 Standards 


50A 


25B 


50 B 


A 

B 

D 


/ 0. 978 
\ .978 
.987 
/ .986 
\ .983 


0.977 
.975 
.986 
.985 
.980 


0.984 
.989 




Average ratio 1957/1940=0.9823 



This discrepancy of 2.6 percent was so large that 
it was considered desirable to check the 1940 and 1957 
standards against the 1947 standards to try to de- 
termine which was the more likely to be in error. 

Unfortunately, however, the 1947 series consist's 
only of standards in the range of microgram quanti- 
ties of radium element. It was, therefore, necessary 
to carry out a dilution of 1947-microgram standards 
to the 10" 9 -g level. This was, however, accepted as 
an additional check on the accuracy of our dilution. 
The dilution scheme is shown in figure 3, the initial 
master solution consisting of six 10-/xg radium- 
solution standards from the 1947 series. By taking 
six standards, each consisting of 5 ml of solution, the 
total error arising from the individual errors in vol- 
ume of each of these standards should be propor- 
tionately lower. Once again dilutions were carried 
out by two alternate routes. Five samples were 
taken from each route and these were numbered as 
shown in figure 3. Again all glassware used was 
carefully calibrated. The nominal values of the 
dilutions were: 2X10" 7 g/ml, 2X10" 9 g/ml, and IX 
10~ n g/ml. 

The ratios of activities were now determined for 
the 1947 and 1940 10~ 9 -g samples and standards 



MASTER SOLUTION CONSISTING 
OF SIX IO-MICR0GRAM RADIUM 
GAMMA-RAY STANDARDS EACH 
CONTAINING 5 ml OF SOLUTION 




10ml 




10ml. 



10ml 




10 ml 




FIVE IOO-ml SAMPLES OF 
I0" 9 GRAM OF RADIUM , 
NUMBERED I.H.HI.IZ 
AND IX RESPECTIVELY 



FIVE IOO-ml SAMPLES OF 
IO" 9 GRAM OF RADIUM, 

numbered Y,m,Eir,2nr 

AND X RESPECTIVELY 



Figure 3. Dilution scheme for the preparation of 10 9 - 
samples from 1947 radium gamma-ray standards. 



and for the 1947 and 1957 10" 9 -g samples and stand- 
ards with the results shown in tables 3 (a) and 4 (a), 
the appropriate corrections again being made for 
radium decay. The sinterecUglass-fllter method 
of de-emanation was used in these measurements 
and also the same eight alpha-particle-ionization 
chambers as were used to obtain the 1957/1940 
ratios shown in table 2(a). In view, however, of 
the greater numbers of 1940 and 1957 10" 9 -g 
standards and 1947 10" 9 -g samples involved, it was 
not possible to compare every standard solution with 
every 1947 10" 9 -g sample. A pattern of comparison 
was devised, as indicated in tables 3 (a) and 4 (a) 
to give a maximum number of interchecks without 
taking every possible combination. Once again a 
number of spot comparisons was carried out using 
the same alpha-particle-ionization chambers and 
reflux condensers as were used to make the measure- 
ments in table 2 (b) and the results of these spot 
comparisons, again corrected for radium decay, are 
shown in tables 3(b) and 4(b). These results, as 
they were less systematic, were not used in the 
deriving of the 1947/1940 and 1947/1957 averages 
of 0.9722 and 0.9878, respectively. 

These results of 0.9722 (1947/1940) and 0.9878 
(1947/1957), as compared with 0.9740 (1957/1940), 
do tend to show a weight of evidence against the 
1940 series of 10" 9 -g radium-solution standards. 
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Table 3(a). Comparison of 1947 10~ 9 -g samples and 1940 
10~ 9 -g standards 

(The entries are the result of dividing the activities of the 1947 samples hy those 
of the 1940 standards) 



1940 
Standards 


10- 9 -g solutions made from six 1947 10-^ig gamma-ray 
standards 


I 


II 


III 


IV 


V 


VI 


VII 


VIII 


A 

B 

C 


0.976 
.967 


0.966 
.972 


0.970 
.978 


0.980 
.972 


0.967 
.981 


0.973 
.970 


0.967 

.981 


0.956 
.980 


D 


Average ratio 1947/1940=0.9722 

Standard deviation of the average of 16 ratios=.0018 



Table 3(b). Comparison of 1947 10~ 9 -g samples and 1940 
10~ 9 'g standards using reflux condensers for de-emanation 



Eatio of activities of 1947 to 1940 standards 


1940 Standards 


10- 9 -g solutions made from six 1947 gamma-ray 
standards 


I 


II 


V 


VIII 


A 


/ 0. 966 
I .072 
f .981 

f .974 
\ .977 


0.960 
.968 
.975 

.968 
.973 


0.962 
.964 
.976 

.970 
.969 


0.965 

.968 
.978 
.967 
.970 


B 


D 




Average ratio 1947/1940=0.9702 



Table 4 (a).- — Comparison of 1947 10~ 9 -g samples and 1957 
10~ 9 -g standards {the entries are the result of dividing the 
activities of the 1947 samples by those of the 1957 standards) 



1957 
Standards 


10~ 9 -g solutions made from six 1947 gamma-ray standards 


I 


II 


III 


IV 


V 


VI 


VII 


VIII 


1A 


0.990 

.990 
.993 


0.979 

.986 
.982 


0.991 
.987 

.989 


0.984 
1.008 

0.986 


1.007 
0.993 

.990 


0.987 
.988 

.983 


0.974 
.981 

.988 


0.984 
.982 

.984 


25A 

50A 

IB 


25B 

50B 


Average ratio 1947/1957=0.9878. 

Standard deviation of the average of 24 ratios =0.0014 



Table 4 (b). — Comparison of 1947 10~ 9 -g samples and 1957 
10~ 9 -g standards using reflux condensers for de-emanation 



Ratio of activities of 1947 to 1957 standards 


1957 Standards 


10 -9 -g solutions made from six 1947 gamma-ray 
standards 


I 


II 


V 


VIII 


50A 


/ 0. 988 
I .993 
J 0. 996 
I .989 
0.987 


0.990 

1 0. 983 

/ . 993 

0.984 


0.984 

0.988 
.985 


0.986 
0.989 
0.980 


25B 


50B ... 




Average ratio 1947/1957=0.9885 



The direct measurements of the ratios for the 
standards and samples for the different years are 
therefore : 



1947/1940=0.9722 
1940/1957 = 1.0267 
1957/1947 = 1.0124 

Product of 3 ratios= 1.0124 



1940/1947=1.0286 
1957/1940=0.9740 
1947/1957 = 0.9878 

= 0.9896 : 



The three estimates, if completely consistent r 
should multiply together to give exactly unity. 
The slightly less than 1 -percent uncertainty in the 
individual ratios accounts for this discrepancy. 

The three estimates may be slightly adjusted by a 
least-squares technique to give estimates that are 
consistent. For example, in addition to the direct 
estimate of the 1957/1947 ratio (1.0124) an indirect 
estimate may be obtained by multiplying the esti- 
mate for 1957/1940 by the estimate for 1940/1947. 
The result of multiplying 0.9740 by 1.0286 is 1.0019. 
Most weight must be given the directly obtained 
value of 1.0124. The proper average is obtained by 
taking the cube root of the product of the square of 
the directly observed ratio by the indirectly esti- 
mated ratio for 1957/1947. Thus 



•^1.0124X1.0124X1.0019=1.0089. 

The adjusted estimates of the ratios between 
standards and samples for different years, obtained 
by this least squares technique are: 



1947/1940 = 0.9688 
1940/1957 = 1.0231 
1947/1947 = 1.0089 

Product of 3 ratios= 1.0000 



1940/1947=1.0322 
1957/1940=0.9774 
1947/1957 = 0.9912 

= 1.0000 



The adjustments do not exceed twice the estimated 
standard deviation in the direct estimates of the 
ratios. The standard deviation of the average 
ratios listed in tables 2,3, and 4 is slightly less than 
0.2 percent. These adjusted values combine all the 
evidence and are the preferred ratios. 

5. Comparison of the 1940 and 1957 10- u -g 
Radium-Solution Standards by the Method 
of Radon Analysis 

As a further check between the 1940 and 1957 
series of standards three 1940 10 _11 -g radium-solution 
standards of 100 ml, certified as containing 1.025 X 
10 -11 g and designated as 11, 12, and 13, were com- 
pared with three 1957 10 -11 -g radium-solution 
standards of 100 ml, designated as 21, 22, and 23 
and found to contain 1.001 X 10~ n g, by the method 
of radon analysis using alpha-particle-ionization 
chambers 7 and 12 and de-emanating by boiling in 
the reflux condensers. 

In view of the longer collection times that were 
involved and the fact that the readings were only 
some ten times background the results took much 

2 The reciprocals of the ratios as determined from the original values are shown 
for convenience in computation, should they be desired. 
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longer to obtain and it was not, therefore, possible 
to carry out as exhaustive comparisons as with the 
10~ 9 -g standards. The results, after correction for 
radium decay, are shown, however, in table 5. The 
average ratio of 0.986 (1957/1940), with a standard 
deviation of the average of 0.020, is in fairly close 
agreement with the value of 0.9774 (1957/1940) for 
the adjusted ratio for the 10 _9 -g radium-solution 
standards. It must, however, be borne in mind that 
additional errors are introduced at such low concen- 
trations as 10~ n -g radium per 100 ml by uncertain- 
ties in the radium content of the diluting carrier 
solution, as will be apparent from measurements 
made on such solutions which will now be described. 

Table 5. Comparison of 1959 and 1940 10~ n -g standards 
using reflux condensers for de-emanation 



Standard No. » 


Eadium content 


in units of 10 -11 g 


Chamber No. 7 


Chamber No. 12 


11_ 


1.040 
1.001 

1.022 
1.032 

1.012 
0.987 


1.032 

1.016 
1.047 

1. 007 

0. 990 
1.018 


21. 


12. 


22 


11. 


21 


12. 


13. _ 


23 


13 


23. 


22 




Average ratio 1957/1940=0.986 
Standard deviation=0.020 







a 1940 Standards designated as 11, 12, and 13; 1957 Standards designated as 21, 
22, and 23. 

6. Determination of the Radium Content of 
the Carrier Solution 

The carrier solution used in the dilutions, shown 
schematically in figures 1 and 3, consisted of 0.2 
percent by weight of BaCl 2 -2H 2 0. In order to 
determine the radium content of this carrier solution, 
31 g of the barium chloride used in its preparation 
was dissolved in 100 ml of radium-free distilled water 
and this solution was then analyzed for radium by 
the radon method. Three measurements of this 
sample gave values of 0.1245, 0.1258, and 0.1261 X 
10~ 12 g, or an average of 0.1255X10~ 12 g, radium per 
gram of BaCl 2 -2H 2 0. Thus a 100-ml sample of the 
0.2 percent by weight barium chloride carrier solu- 
tion would contain a total of 0.025 X 10 _12 g of radium. 

There is no record of the method of measuring the 
1940 blank solutions certified as containing 0.25 X 
10~ 12 g of radium per 100 ml. Attempts were made, 
however, to measure by the radon method the 
radium content of both 1940 and 1957 blank solu- 
tions. These attempts resulted in a wide range of 
values being obtained, some of which were as much 
as ten times greater, in the case of the 1957 blank 
solutions, than the value obtained from the measure- 
ments of the nearly saturated solution of barium 
chloride. 

These variations reflect the limitations of the 



radon method for measurements which are, in this 
case, of the order of one-tenth background. The 
average value obtained, however, for the 1940 blank 
solutions was 0.18X10~ 12 g of radium per 100 ml as 
compared with the certified value of 0.25X10" 12 g of 
radium per 100 ml. 

It appears that the 1940 10 _11 -g radium-solu- 
tion standards which are certified as containing 
1.025X10 _11 g of radium were derived from the dilu- 
tion of the 10" 9 -g radium solution, certified as con- 
taining 10~ 9 g of radium per 100 ml, with the blank 
solution which was said to contain 0.025 X10 _11 g of 
radium per 100 ml. If this last figure were obtained, 
however, by the radon method it would appear to 
be no more reliable than that of 0.18X10~ 12 g of 
radium per 100 ml recently determined. 

Under these circumstances the value of 0.986 
obtained for the ratio of the 1957/1940 10~ n -g 
radium solution standards cannot be said to differ 
significantly from that of 0.977 obtained for the 
ratio of the 1957/1940 10~ 9 -g radium-solution 
standards. 

7. Summary 

From the measurements on the 1940 and 1957 
10" 9 -g radium-solution standards, which are con- 
firmed by those of the 10 -11 -g series, it would appear 
that there is an error of about 2.6 percent in the 
1940 series of 10 _9 -g and 10 _11 -g radium-solution 
standards. As no corresponding discrepancy has 
been observed in the microgram series of standards 
it is assumed that the error is one which occurred 
in the dilution down to 10~ 9 g and 10~ n g per 100 ml 
in 1940. 
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